In the present study, we report for the first time the antioxidant and antimicrobial activities of Withania frutescens (L.) Pauquy roots and leaves. Total phenolic content was determined using the Folin-Ciocalteu method and antioxidant activity was evaluated by the DPPH free radical scavenging and reducing power methods. Antimicrobial activity tests were carried out against ten bacterial species involved in nosocomial infections and two opportunistic clinical yeast isolates. The ethyl acetate and n-butanol leaf fractions exhibited the highest DPPH radical scavenging activity with IC 50 = 4.53 ± 0.12 and 8.49 ± 0.46 µg/mL, respectively. The n-butanol root fraction showed the greatest reducing power comparable with that of quercetin at 0.4 mg/mL. The dichloromethane leaf fraction exhibited the highest antibacterial activity against both Gram-positive and Gram-negative bacteria with MIC values ranging between 50 and 400 µg/mL, depending on the tested bacteria. However, none of the examined extracts exhibited anticandidal activity. The polyphenol and glycowithanolide constituents appeared to be responsible for the antioxidant capacity of W. frutescens, whereas the observed antimicrobial activity may be due to the presence of withanolides.
The implication of free radicals in many disease conditions has been well established [1a] . Antioxidants, which scavenge free radicals, may be of central importance in the prevention of cancer, heart, vascular, diabetes and neurodegenerative diseases [1b] . Synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), are being restricted due to their side effects such as carcinogenicity, which leads to a need for their replacement with naturally occurring alternatives [1c] . Interestingly, natural antioxidants tend to be safer and have numerous activities including antimicrobial [1d] .
The genus Withania (Solanaceae) is a rich source of interesting phytochemical substances that have several biological properties, such as antioxidant and antibacterial activities [2a-2c] . In Morocco, this genus is represented by three species: W. somnifera (L.) Dunal, W. adpressa Coss and W. frutescens (L.) Pauquy. The last is endemic to the Mediterranean region, locally known as 'Tirnet' and traditionally used for the treatment of dysentery [3] . The pharmacological studies reported on W. frutescens are scarce and refer mainly to its cytostatic activity and its protective and curative action against CCl 4 -induced hepatotoxicity [4a, 4b] . In our continuing search for new bioactive products from Withania species [5a-5c], we report in this paper, for the first time, combined investigations on in vitro antioxidant and antimicrobial activities of W. frutescens root and leaf extracts and fractions.
Phenolic substances have been shown to be responsible for the antioxidant activity of many plant materials [6a] . Therefore, W. frutescens was subjected to screening for its possible antioxidant activity. The DPPH free radical scavenging capacity and Ferric Ion Reducing Antioxidant Power Assays were studied, taking total phenolic content (TPC) as an index. The total phenols in W. frutescens extracts and fractions were determined using the Folin-Ciocalteu method. As shown in Table 1 , the ethyl acetate leaf fraction (254.8 ± 2.9 mg CAE/g dry fraction) showed the highest TPC.
The results for the DPPH radical scavenging activity showed that the highest antioxidant activity was observed for the ethyl acetate and n-butanol leaf fractions, with IC 50 values of 4.53 and 8.49 µg/mL. Moreover, the high activity level for the polar fractions correlated closely with their phenolic contents (Table 1) . As shown in figure 1 , the reducing power of W. frutescens extracts and fractions enhanced as the concentration increased. However, the high-polarity extracts and fractions showed higher activities than the apolar ones. The highest reducing power was shown for the n-butanol root fraction, with an absorbance value at 700 nm of 2.00 at a dose level of 0.8 mg/mL in comparison with that of 2.05 for quercetin, followed by the n-butanol and ethyl acetate leaf fractions, which were comparable with that of quercetin at 0.8 and 1 mg/mL. Except for the n-butanol root fraction, which probably contains non-phenolic compounds that could act as secondary antioxidants, the reducing power appeared to depend on the phenolic concentration of the extracts and fractions.
Overall, in W. frutescens extracts and fractions with a higher content of phenols, greater antioxidant activity and reducing power were observed. Previous studies carried out on Solanaceae species have reported a high significant positive correlation between antioxidant capacity and phenolic content, indicating that phenolic compounds are the major contributor to the antioxidant activity in the plants tested [6b] . On the other hand, the lower activity observed in the dichloromethane fractions, which contain withanolides, as revealed by TLC screening, compared favorably with previous studies conducted on W. somnifera [7a] . In our case, the strong antioxidant activity of W. frutescens could not be limited to polyphenols as the activity may also come from the presence of glycowithanolides, which were detected in the n-butanol fraction of the leaves. Similar observations have been reported for W. somnifera [5c,7b] .
Resistance to antimicrobial drugs has become an increasingly important worldwide problem. Plants, especially higher plants, which produce an enormous variety of secondary metabolites, may be an alternative source of novel therapeutics agents for various conditions, including infectious diseases [8] . Hence, the current study was carried out to determine, for the first time, the potential antimicrobial properties of this species against ten multiresistant bacterial strains and two clinically isolated yeast strains. The results of the disc diffusion assay of the methanol root and leaf extracts and the nhexane leaf extract of W. frutescens at 1 mg/disc revealed that only the leaf methanol extract exhibited antibacterial activity. Moreover, all the extracts examined had no activity, at the tested concentration, against the yeast tested, Candida albicans (the results not shown). The antimicrobial activity of the methanol leaf extract and its fractions was analyzed against four Gram-positive and six Gram-negative bacteria using the disc diffusion method and by measuring the MIC values (Table 2) .
As shown in Table 2 , the methanol leaf extract and its fractions exhibited antimicrobial activity against all Gram-positive bacteria and two Gram-negative ones (P. fluorescens and K. pneumoniae). The dichloromethane fraction exhibited the greatest activity followed by the n-butanol and ethyl acetate fractions. The diameter of the inhibition zones ranged from 14 to 19 ± 1.4 mm, 10 ± 1.4 to 17.7 ± 0.3 mm, 8 to 13.7 ± 1.1 mm for CH 2 Cl 2 , n-butanol and EtOAc fractions, respectively. The MIC values of extracts and fractions were determined by microdilution assays (Table 2) . The results obtained confirm that the CH 2 Cl 2 fraction was the most effective with MIC values ranging between 50 and 400 µg/mL. The most sensitive bacteria were Micrococcus luteus and Klebsiella pneumoniae.
This is in agreement with other works conducted on W. adunensis and W. riebeckii chloroform and methanol fruit and leaf extracts, which were revealed to be active against all the Gram-positive bacteria tested, but inactive against the Gram-negative bacteria (E. coli, P. aeruginosa) and the tested yeast strains of Candida maltosa [9a] . The difference in sensitivity between Gram-positive and Gramnegative bacteria can be ascribed to morphological differences between these microorganisms, above all to differences in the permeability of the cell wall [9b].
Phytochemical analysis of the CH 2 Cl 2 leaf fraction by TLC showed that withanolides were the major compounds and could be related to the observed antibacterial activity. On the other hand, our findings on the antibacterial activity of W. frutescens could justify some ethnopharmacological traditional uses against diarrhea and dysentery.
Antioxidant and antimicrobial activities of Withania frutescens Natural Product Communications Vol. 6 (10) 2011 1449 The leaves and roots were, separately, air-dried in the shade at room temperature (25°C) and the two samples (100 g each), coarsely ground, were exhaustively extracted using a Soxhlet apparatus. The leaves were first defatted with n-hexane and dried under vacuum to obtain a crude n-hexane extract (3.7 g). The roots and defatted leaves were Soxhlet extracted with MeOH for 72 h. After removing the solvent under vacuum at 40°C, the residues obtained of the leaves (25.7 g) and roots (26.3 g) were dissolved in distilled water, filtered and extracted successively with CH 2 Cl 2 , EtOAc and n-BuOH, then concentrated under vacuum to yield 2.7 g, 0.6 g and 3.4 g of the CH 2 Cl 2 , EtOAc and n-BuOH leaf fractions, respectively and 0.9 g, 0.15 g and 3.1 g of the CH 2 Cl 2 , EtOAc and n-BuOH root fractions, respectively. 
Determination of total phenolic compounds:
The total phenolic content (TPC) of root and leaf extracts and fractions was determined using the Folin-Ciocalteu assay [10a] . Aliquots of 300 µL containing 100 µg of each sample, dissolved in MeOH, were introduced into test tubes, followed by 1.5 mL of Folin-Ciocalteu's reagent (diluted 10 times) and 1.2 mL of sodium carbonate (7.5% w/v). The contents of the tubes were mixed and placed in the dark for 30 min before the absorbance was measured at 765 nm. The analyses were performed in triplicate and the results were expressed, as p-coumaric acid equivalents (CAE), in mg per g dry extract or fraction (y = 0.065 x + 0.057; r 2 = 0.984).
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity:
The DPPH radical scavenging assay was performed according to the method reported by . Briefly, 750 µL of either sample at different concentrations or MeOH (control) were mixed with 1.5 mL of DPPH methanol solution (20 mg/L). After 30 min incubation in darkness, at ambient temperature, the absorbance (ABS) was measured at 517 nm. Quercetin and α-tocopherol were used as positive controls, and all analyses were carried out in triplicate and results were expressed as means ± S.D. The inhibition percentage (%) of radical scavenging activity was calculated using the following equation: Inhibition (%) = [1-(ABSsample/ABScontrol)] ×100. From the inhibition percentage, the amount of the sample (µg) reducing the absorbance by 50% was determined (IC 50 ).
Measurement of reducing power:
The reducing power of extracts and fractions was determined according to the method reported by Yen & Chen [10c] . Samples of the test materials (0-1 mg/mL) dissolved in phosphate buffer (2.5 mL, 0.2 mol/L, pH 6.6) were added to potassium ferricyanide [K 3 Fe(CN) 6 ] (2.5 mL, 10 mg/mL), and the mixture was incubated at 50°C for 20 min. After incubation, 2.5 mL of 10%, w/v, trichloroacetic acid was added to the mixture to stop the reaction. The mixture was centrifuged at 650 g for 10 min and then 2.5 mL of the supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of 1 mg/mL ferric chloride. Quercetin was used as a positive control. The absorbance was then measured at 700 nm. A higher absorbance of the reaction mixture indicates a higher reducing power.
Sensitivity test: Antimicrobial activity was assessed using a disc-diffusion method [11a] . Petri plates were prepared with 20 mL of Mueller Hinton Agar (MHA) for antibacterial tests and Sabouraud Agar for antifungal ones. The test cultures were swabbed on the top of the solidified media and allowed to dry for 10 min. A 6 mm sterile paper disc was impregnated with 1 mg of the test material previously dissolved in adequate solvent (CH 2 Cl 2 or MeOH), placed on the surface of the medium and left for 4 h at 4°C to allow compound diffusion. Gentamycin and fluconazol were used as positive controls, while negative controls were prepared with either CH 2 Cl 2 or MeOH. The plates were incubated for 24 h at 37°C for bacteria and 48 h at 25°C for yeasts. All disc diffusion tests were performed twice and the antimicrobial activity was expressed as the mean of inhibition diameters (mm).
Minimal inhibitory concentration (MIC) determination:
Based on the result of the disc diffusion assay, the minimum inhibitory concentration (MIC) was determined only for bacteria, using a microdilution method. Active extracts and fractions were suspended in either CH 2 Cl 2 or MeOH to obtain concentrations from 0 to 50 mg/mL. One hundred µL of each concentration was added to 900 µL of inoculated medium (Mueller-Hinton broth) to obtain final concentrations from 0.01 to 5 mg/mL. Growth controls without sample test solution and with the upper limit of added solvent were tested. The tubes were covered with parafilm, agitated to mix the contents and then incubated at 37°C for 24 h. The assays were carried out in triplicate and MIC values were determined as the lowest concentration of the test materials showing no visible bacterial growth after incubation [11b].
Statistical analysis:
Statistical analysis was carried out using the SigmaStat 3.1. Values were compared by the Kruskal-Wallis non-parametric test followed by Student-Newman-Keuls (SNK) comparisons for DPPH assay and by ANOVA with post hoc analysis by SNK test for phenolic content. P values of less than 0.05 were regarded as significant.
